Ventilatory responses to CO2
Following the study of ASMUSSEN and NIELSEN(1957) ,it has been generally accepted that the slope of the ventilatory response curve to CO2 is not significantly different at rest and during exercise,while the curve shifts to the left during exercise.Recently,however,contradictory results have been reported by other investigators,e.g.,increased responsiveness by WEIL et al.(1972) and decreased response by CLARK and GODFREY(1969) during exercise as compared with at rest.
Concerning the difference in the ventilatory response to CO2 between athletes and untrained subjects,the results reported so far are also conflicting. SONG et al. (1963) and LALLY et al.(1974) found that the responsiveness to CO2 in trained divers was lower than that of a control group. BYRNE-QUINN et al.(1971) also observed that the average slope of the ventilatory response curve in athletes was only about 35% of that of the control value.On the other hand, GODFREY et al. (1971) found no significant difference in the slope of the ventilatory response curve and in its intercept on the alveolar PCO2 axis between these two groups.
The present experiments were designed to obtain information about the abovementioned difference between athletes and non-athletes with respect to ventilatory response to CO2;CO2 response curves were determined at rest and during exercise in athletes and untrained subjects. 
METHODS

RESULTS
Average values of total lung capacity and its subdivisions are summarized in Table 1 .Vital capacity(VC),residual volume(RV;N2 dilution method), and total lung capacity(TLC)were significantly larger in the untrained group than in the athletes(p<0.01).However,when these parameters were divided by body surface area there were no significant differences between two groups.On the (Fig.5) .The difference between these two values was statistically significant(p<0.01).The B values during exercise in the controls and in the athletes were 15.6 and 3.7mmHg,respectively. Figure 4 shows the comparison of the first and second determination of the slope of the ventilatory response curve to CO2.The mean slopes of the first and Fig.2 .
Individual VE-PAco2 response curves at rest for controls(left)and athletes(right). Though the steady state method is a more reliable method than the rebreathing method for investigating the ventilatory response to CO2 stimulation,we used the rebreathing method for the following reasons:1)The steady state method is very time-consuming;accordingly the CO2 response curve may be altered by the effect of body temperature,particularly during exercise as described by HAY-WOOD and BLOEKE(1969) ;2)The rebreathing method is rapid and simple,so that the response curve can be obtained within a single exercise trial lasting only a few minutes;3)The slopes of the response curves at rest were reported to be the same both in the steady-state and the rebreathing method (READ,1967; CLARK, 1968) .
As described above,the reliability of the slope of the VE-PAco2 lines,both at rest and during exercise,was examined by duplicate determinations for each subjects except in a few cases.The correlation coefficient between both determinations was 0.62 as shown in Fig.4 . These results agree well with the data of READ (1967) .The mean value of duplicate measurements was taken as the slope of VE-PAco2 curve of each individual subject. EDELMAN et al.(1973) who observed that the response to transient euoxic hypercapnia was substantially smaller than the response to steadystate euoxic hypercapnia under the same arterial oxygen saturation. LINTON et al. (1973) Other causes for the decreased slopes in the VE-PACO2 line during exercise may be various factors such as arterio-alveolar CO2 difference((a-A)DCO 2), CO2 storage capacity,and central or peripheral chemosensitivity . JONES et al. (1969 JONES et al. ( ,1972 showed that the arterial PCO2 was consistently lower than the alveolar PCO2 during rebreathing of CO2+O2 mixture.This reversed(a-A)DCO 2 might partially account for the apparent decrease in the slope of the VE-PACO2 curves.
On the other hand,it is well known that the CO2 storage capacity in the body is larger than that of O2 (CHERNIAC and LONGOBARDO,1970) .There seems a difference in the time course to the attaining of a steady state with respect to CO2 storage capacity when CO2 is given in the steady-state versus the rebreathing method.Therefore,the decrement of the slope in the VE-PACO 2 curves during exercise might be related to the difference in time needed to attain a given CO2 store.
It is uncertain whether chemosensitivity of the central or peripheral chemoreceptors changes during exercise.As described above, WEIL et al.(1972) suggested that mild muscular exercise produced an enhanced ventilatory responsiveness to hypoxia or hypercapnia due to increased peripheral chemoreceptor sensitivity. BISCOE and PURVES(1967) have demonstrated that,in anesthetized cats,carotid body activity increased during passive exercise induced by electric stimulation and that this effect was abolished when the sympathetic nerve supply to the carotid bodies was cut.However, EISELE et al.(1967) suggested that the carotid body sensitivity is not affected by its sympathetic nerve tone.More recently, DAVIES and LAHIRI(1973) found that the mean activity of carotid chemoreceptor was not role of the carotid body in the control of ventilation at rest and during exercise in patients after bilateral carotid body resection;they found that the ventilatory response to increased arterial CO2 tension was reduced by 30%,but that the slope of VE-PACO2 line during moderate steady-state exercise was not significantly As shown in Fig.5 ,we observed that the slope of the VE-PACO2 response lines of athletes both at rest and during exercise were lower than those of the untrained subjects(p<0.05).This decrease in the ventilatory response lines in athletes may be due to diminished peripheral chemoreceptor function as described by BYRNE-QUINN et al.(1971) .However,the different response in the two groups does not provide any definite information about the anatomical site of the difference in hypercapnic sensitivity between the two groups.The magnitude of the ventilation is ultimately determined by the respiratory centers which integrate the afferent neural impulses.Consequently,the observed differences in the VE-PACO2 curves between the athletes and the untrained group may be due to a reduced gain in the ventilatory output from the respiratory centers and/or by a reduced input signal.
